Modulation of dopamine transporter function by alpha-synuclein is altered by impairment of cell adhesion and by induction of oxidative stress.
Human alpha-synuclein accumulates in dopaminergic neurons as intraneuronal inclusions, Lewy bodies, which are characteristic of idiopathic Parkinson's disease (PD). Here, we suggest that modulation of the functional activity of the dopamine transporter (DAT) by alpha-synuclein may be a key factor in the preferential degeneration of mesencephalic dopamine (DA)-synthesizing neurons in PD. In cotransfected Ltk-, HEK 293, and SK-N-MC cells, alpha-synuclein induced a 35% decrease in [3H]DA uptake. Biotinylated DAT levels were decreased by 40% in cotransfected cells relative to cells expressing only DAT. DAT was colocalized with alpha-synuclein in mesencephalic neurons and cotransfected Ltk- cells. Coimmunoprecipitation studies showed the existence of a complex between alpha-synuclein and DAT, in specific rat brain regions and cotransfected cells, through specific amino acid motifs of both proteins. The attenuation of DAT function by alpha-synuclein was cytoprotective, because DA-mediated oxidative stress and cell death were reduced in cotransfected cells. The neurotoxin MPP+ (1-methyl-4-phenylpyridinium), oxidative stress, or impairment of cell adhesion ablated the alpha-synuclein-mediated inhibition of DAT activity, which caused increased uptake of DA and increased biotinylated DAT levels, in both mesencephalic neurons and cotransfected cells. These studies suggest a novel normative role for alpha-synuclein in regulating DA synaptic availability and homeostasis, which is relevant to the pathophysiology of PD.